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(54) Thick ffBm oondudor compoaitlofi Ibr use In tHosensors 

(57) The invention is directed to polymer thick film 
conductor compositions comprising corxluctive metal 
partides selected from the group consisting of finely 
divided powders of piatmum group metals and mixtures 
thereof: modified graphite; arxi a thermoplastic potymer 
and optionally, graphite and/or a metallized graphite in 
oont)ination with a surfactant may replace the modified 
graphite. 
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Description 

FIELD OF INVENTIQM 

s [0001 J This invention relates to a polymer thick film (PTF) oomposition containing a metal catalyst and graphite, which 
can be used to print sensingAworkinQ electrodes lor etectrochemical tiiosensors based on hydrogen peroxide detection. 
Electrochemical biosensors which are combinations of an electrochemical sensor and a blomolecule recognition ele- 
ment are useful In the analyses of biological analytas such as glucose, cholesterol, creatinine, alcohol, uric acid and 
lactate in body fluid, and are theretbre useful in the field of medical devices and analytical instruments for medical diag- 

to nostics. 

BACKGROUND OF THE INVENTION 

[0002] The nvgority of anperometric electrochemical biosensors fall within two categories (1) metal-catalyzed elec- 
)s trochemical biosensors or (2) electron-transfer mediator modified electrochemical biosensors. For exanr^le. a metal- 
catalyzed glucose sensor detects the hydrogen peroxide by-product which is produced in a one>to-one ratio from ^ 
cose through an enzyme-catalyzed air oxidation process, such as: 

Glucose + O2 gtucoseoiidaaafQqB giucolactone 4 H2O2 

so 

[0003] U.S. Patent 3.S39.455 (1970) by Clark discloses a platinum based glucose sensor useful for self-monitoring of 
glucose by diabetics. Quilbautt and Lubrano (1 973} reported amperometric biosensors having an immobilized-enzyme 
platinum electrodes suitable for glucose sensor applications. MizutanI et al. (1992) reported a platinum/cartx)n paste 
(CP) composition with a 1/9 Pt/C ratio suitable for making glucose sensors. U.S. Patent 4.970.145 (1990) to Bennetto 

25 et af . disctoses a biosensor with a porous enzyme electrode comprising platinized carbon paper having a f luoropolymer 
binder. These platinum/C t>ased biosensors have sensitivity for detectk>n of glucose only at concentrations of miilinriolar 
(mM) glucose with an electric current response of <20 uA/cm^.mM glucose. Furthermore, the use of a nwtal or 
metal/caibon with a high metal content as the working electrode leads to high material ooets and has a (tawback of 
loosing hydrogen peroxide due to the metal-catalyzed deoomposition of hydrogen peroxide. 

30 [0004] An electron-transfer mediator modified electrochemical biosensor relies on a fast electron-transfer mediator, 
which is typically an outer-sphere metal complex or organic compound, to assist the shuttHng of electrons fnm reduced 
enzyme molecules to the working electrode. The recfticed enzyme results from an enzyme molecule receiving two elec- 
trons from a glucose molecule, such as: 

35 Glucose 4> (G0D)oxidi2Mi Qtucolactone -i- (GOO)naucm6 

Electrochemical biosensors having caibon based working electrodes modified with electron-transfer mecMors have 
been reviewed by Wring and Hart (1992). Biosensors having working electrodes modified with redoc polymers have 
been reviewed by Pishko (1995). These mediator modHied tMosensors are capatkB of measuring glucose al mM con- 

40 centration with an electric current response of <20 uA/cm^.mM glucose. There rmiains a need for materials suitable for 
fabricatkm of enzyme electrodes with high catalytic activity/current response and tow background current noise to 
expand the capability of biosensors for monitoring biotogical analytes at the mk;ro-molar (uM) level and to assure a high 
conf idence of detecting ksw level of analystes in body f luida One example was given by Tamada, Bohannon and Potts 
( 1 995) who reported the tontophoretk: extraction of body fluid. The body f lukj can Itien be analyzed in srtu for a glucose 

45 levels and thus provide a method fbr narvinvafilve monitoring of gtucosa The ghioose concenlratkm in the exlracled 
body fhjxi Is typically in the micro<molar level which produced electric current In the nano-ampere (nA) 1ml. and thus 
requires a biosensor with km detection limit of glucose determinatton. A key limiting factor whk:h affects the glucose 
detection limit is electrocherrMcal signal noise or background current which may be from electrochemically active Impu- 
rities or temperatiA-e fluctuation etc. It is desiraUa that a biosensor has low background current which also does not 

so greatly vary with temperature fluctuation. 

[0005] FurthemrKye. it is desirable that catalyst materrate tor the working electrode t>e tow cost and suitable for low 
cost tabrication of disposable biosensors by conventional printing processes. K is the obfect of the invention to over- 
come the deficiencies of ciarent cartx)n-based materials for worMng electrodes. 

55 SUMMARY OF INVENTION 

[0005] The inverrtion is directed to a polymer thick film conductor conposltion conprising. based on solkls: (a) 0.1- 
5% wt. conductive metal particles selected from the group consisting of f mely divided powders of platinum groip metals 



2 



EP0987 333 A2 



and mixtures thereof; (b) 62-85% wt of modified graphite; and (c) 14-35% wt. of a thermoplastic polymer. 
[0007] The invention is further directed to a conductor composition tor use in electrochemical sensor applications, 
comprising, based on solids: (a) 0.1-5% wt. conductive metal partides selected from the group consisting of finely 
divided powrders of platinum group metals and mixtures; (b) 62-85% wt of graphHe; (c) 14-35% wt of a thermoplastic 

s polymer; and (d) 0.01 -3% wt. surfactant. 

[0008] The invention is still further directed to a conductor composition for use in electrochemical sersor applications 
comprising, based on solids: (a) metallized particles comprising platinum group metal particles and mixtures thereof 
deposited on graphite stpport particles: wrth the provisos that (1) the platinum group metal particles and mixtures 
thereof are in the range of 0.1 -5% wt. and (2) the graphite support particles are in the range of 62-85% wt. ; (b) 1 4^35% 

10 wt. thermoplastic polymer; and (c) 0.01-3% wt. surlactant. 

DETAIL DESCRIPTiON OF THE INVEWTIQN 

[0009] The PTF compositions covered in the present invention are intended for use in printing sensing or wofWng 
T5 electrodes in electrochemical biosensor applications, and moro specifically, anperometric glucose sensors. The PTF 
composition offers glucose sensors with enzyme electrodes extremely high sensitivity for analysis of glucose at micro- 
molar levels, for exanple. a method for non-invasive monitoring of analytes transdermally extracted from the body. 
[OHIO] The PTF conductive composition is designed to have the follovving characteristics when used as a working 
electrode: 

20 

(a) Printed PTF worldng electrodes have high electrocatalytic activity toward a target chemical or biomolecule, and 
therefore are able to provide strong electrical signal even at extremely low concentrations of the target chemical. 
Furthermore, the PTF working electrode should not introduce background current signal noise which would linrit 
the ability of a biosensor to detect low concentrations of a target chemical. 
25 (b) The PTF conductive composition is designed to have stable and consistent electrocatalytic activity enabling the 
biosensor to handle multiple analyses for continual gkjoose monitoring. 

c) The PTF conposition is intended far use in nwmfacturing of dsposable bfosensors and it is designed to be low 
cost 

d) The PTF composition has good iheofogical properties to facilitate manufacturing of sensors by conventional 
30 printing processes. 

[001 1 ] Through a unique combination d platinum group metal electrocatalysts and graphite materials, a low cost elec- 
trocataiyst system containing as low as .5/99.5 of melal/graphite ratio produces a biosensor working electrode to detect 
glucose levels of 100 nano-molar. This unique electrocatalyst in combmtion with a thermoplastic resin solution pro- 

35 vkJes a tow cost and reliable graphite-based PTF conductive composition tor use in nuking disposable biosensors. 
[0012] In this invention, the PTF conductive composition comprises the foltowing components: (A) metal electrocata- 
lyst selected from the platinum group which converts a chemfoal signal to an electrical signal (B) a conductive filler par* 
tides ihat provkle electrical conductive pathways for the electrical signal. (C) a polymer that serves as the matrix resin 
holding (A) and (B) in a coating adhering to a plastic film substrate, and (D) an organic vehicle when mixed with the 

40 Other ingredients make a oonrposition for easy processing and printing of sensors. 

[001 31 Electrocatalysts may be utilized in the present invention in two forms: (1 ) platinum group metal powders or (2) 
45 platinum groif) metals deposited on electrically conductive stfsporls. 

(1) Platinum proim metal powders 

[0014] Precious metate are well known for their catalytic activity for organic and Inorgank: reactions as well as catalytic 
so electrochemical reactions. The metals for use in the invention are metals from ttie platinum group whk:h are platinum, 
palladium, rhodium, irklium, ruthenium, osmium and mixtures thereof. Platinum is particulariy preferred tor use as a 
electrocatalyst in worfgng electrodes. 

[001 5] For use in a PTF conposition. the metal particles are finely divMed powder form. Furthermore^ a metal powder 
with high surface area and very small partide size is prefenred. Such a metal powder not only reduces metal cost but 
55 also provides superior catalytic activity. Metal powder catalysts, such as platinum t>lack. typically has a suriace area 
of >5 m^/g and is suitable for the metal-graphite compositions covered in tfiis invention. Metal powder catalysts with very 
high surface area (>65 m^/g) lead to high sensor background current. Fuel cell grade platinum black powders having a 
typical surfoce area of 25-60 m^/g. commercially available from Colonial Metals Inc., Elklon. MD and Alfo Aesar. Ward 
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Hill. MA, are particularly suitable. Precious metal powders with surface areas of <5 m^/g, commonly used in thick film 
compositions for electronics applications, do not have sufficient catalytic activity for sensor applications. Therefore, sur- 
face areas > 5 m^/g are preferred. 

5 (2) Platinum oroup metals deposited on electricativ co nductive supportsfmatallized oraphitQ) 

[001 6] Metallized graphite is platinum group precious metal particles and mixtures thereof directly attached to support 
partides. Siworted metals otter potential benefits of high electrocatalytic activity through direct electron-transfer from 
catalytic sites to the conductive network. The most widely used and preferred catalyst si43port for use as electrocata- 

10 lysts is graphite, which is commonly used in cartx^n electrodes. Graphite offers not only good electrical conductivity but 
also low electrochemical signal interference because of its inertness to electrochemical reaction. Metalfized graphite 
suitable for use as the electrocatalyst has atx>ut 0.5-10% metal based weight on graphite. Higher metal loading not only 
make sensors unacceptably costly for disposable sensor applicatk^ns but also leads to background current noise due 
to high activity in catalyzed side reactk>n8. To achieve high catalytic activity and k>w materia) cost, it is also desirable 

15 that catalyst particles be deposited in micro-crystalline size, typically <10 nm. Metallized graphite can be prepared 
using a method described in the U.S. Patent 4,044,193. Metallized graphite can be nrxxfified to form a modified metal- 
lized graphite which enriches the surface f unctk>nal groups on the graphite which interact with metal catalyst partides. 
Surface nxxlHicatton processes effective for graphite materials are reduction wHh strong reducing agents and plasma 
etching processes. Strong reducing agents such as sodium hypophosphite, sodium borohydride. sodium bisulfite and 

20 sodium formate are effective in producing modified metallized graphite materials that show improved sensor perform- 
a/Ke. 

[0017] The amount of metal In finely divided metal powder and/or in metallized graphite (referred to cotlectivety as 
*metal") in the composHian based on solids is about 0. 1 -5% wt with a preferred range of .3-3% wt. and more preferred 
of 1 -2.5% wt. The preferred metal/graphite ratio is in the range of 5/95 to 0.5/99.5. 

25 

B. grflphit^ C9P<ilMCtivftt!llffl: 

[0018) Graphite is commonly used as the conductive filler forming the conductive network in the cartx>n composition 
electrodes. Graphite materials suitable fbr sensor working electrodes may be synthetic: pyrolytic. or natural graphite. 

30 Synthetic graphite made from petroleum coke that have good balance ol tow metal impurities (usually <500 ppm metal 
contamination) and rich surtace functional groups are prefeaed. Pyrdytk: graphite nr>ade from natural gas (such as 
UCP-2 graphite from Cartxsne of America, Bay City. Ml) and purified graphites which are purified by a high temperature 
electro-crystallization pn>ce66 (such as 831 5 graphite from Anbury Qraphita Asbury. fMJ) tend to have less surface funo* 
tlonal groups tor interacting with metal catalysts. Generally, platinum cartxm electrodes with pyrolytic or pi^ified graph- 

35 itas tend to have poor sensor performance. Also, natural graphite tends to have poor purity which nnay lead to high 
background cunent noise and potential risk of catalyst poisoning. 

[0019] Therefore, preferred graphite materials typically have particles with diameters of about 1-30 microns with mean 
partde diameter In the range of 2- 10 micron. Larger graphite partfoles tend to cause prqblenris in screen printing. Rner 
graphite particles which have high surface areas tend to raise the backc^nd oufrent Graphite materials can also be 

40 modified by the same method ^ the modified metallized graphite descrbed at)Ove. 

[00201 If metal powder is used in tt^ oompositfon then the amount of graphite and/or mod^'iod graphite powder added 
to the composltfon based on solUs Is In the range of 62-85% k>y weight. When using metallized graphite powder, the 
graphite supports used in the metallized grapNte particles are found in the composition in a rarige of 62-85% Ijy weight 
based on solkte in ttie oomposltton. Additional graphite and/br modified graphite may be added to the corr^x»ition to 

45 adjust the weight % of the platinum group metaSs. In order to acNeve good electrical conductivity the volume ratio of 
graphiteybinder is maintained in the range of 75/25 to 45^. 

C. Polvmef Binder 

50 [0021 ] Thermoplastics are preferred polymeric binders In the compositton. Unlike PTF compositions with therntoset 
Unders wtiich require kmg curing time at high temperature, thermoplastic based PTF compositk)n& can be used in a 
quick printing-drying process suitable fbr reeMo-ree) sensor fabrication. Suitable thennoplastic binders provide a matrix 
that hokte the electrocatalyst and graphite particles together and fonms a coating with good scratch resistance and good 
adhesion to plastic film substrates. Thermoplastk; resins for use in the inventk>n have a glass transition temperature 

55 >40C and are selected from the group of acrylic, polyester, vinyl resirts. polyimide. and polycart)onate polymers. It is 
important that the thermoplastic polymers contains no electrochemk:a!ty active impurities which contribute to back- 
ground curent noise. Polymers wtiich contain aromatic groups on the polymer chain or side chains are preferred. 
Examples are styrene-containing acrylk: copolymers poty(styrene-acrytonitrile) (such as lyri resins from Dow Chemi- 



4 



EP0987 333 A2 



cate. Midland. Ml), benzyl methacrylate acrylic copolymer. poly{butadlene-acrylonitrHe-slyrene). poly{styrene). 
poly{hydroxyelher) (such as UCAR phenoxy resins from Phenoxy Specialties. Rock Wll, SC). ccpolyester resins vvith 
tera-. iso- or phthalate aromatic groups (such as Vite! reans from Goodrich. Arkon, OH), polycaitoonate (such as Lexan 
resin from General Electric. PittsfieW. MA ) and polyimide (such as Ultem resins from General Electric). The aromatic 

5 groups on the polymers enhance the wetting of the polymers on graphite surfaces, and thus reduce printing defects 
such as pin-holes caused polymer de-wetting during printing and drying. The polymeric binders can be diseolvBd in 
solvents, or solvent blends to provide a vehicle for maWng metal-graphite compositions suitable for screen printing. 
[0022] In the dry electrode coating, the amount of binder is in the range of 14-35% by weight A lower binder level 
results in a porous coating whk:h has low scratch resistance and high background current A higher binder level leads 

10 to tow electrical conductivity and low electrocatalytic activity, and thus unacceptable sensor performance. 

D. Surfactant 

[0023] The precious metal powder is further dispersed to form a colloidal dispersion by milling the powder in a polymer 
t5 solution, and a surfactant is added to help stat^lize the dispersion catalyst particles. It is not necessary to use a sur> 
factant if modified graphite is used in the conposition; therefore, they may be used in corr4>ination or separately. Sur- 
factant molecules tend to migrate to the air surface during drying of the print and thus provkie a way to modify the 
hydrophobtcity of Pt/C electrode surface. A surfactant with hydrophilk: end groups, such as ethylene oxkle units, can 
Improve the wetting of the electrode by water and also enhances sensor peiiormance. 
20 [0024] Surfactant is found in the present invention at 0.01 -3% wt. based on soikjs. Surfactants suitable for the plati- 
num Uack disp€rsk)n are from the group of tong-chain fatty acid or their sodium salt, nonionk: surfactants such as long- 
chain fatty alcohol, non-ionk; surfactants based on poly(elhylene oxtie)-modif ied fatty add, fatty alcohol and all^phenol 
(such as surfactants under the trade names of Triton^. Tergitol^ from Union Carbide, CT). 

25 E. Sotvent 

[0025] A solvent siitable for the composition should meet the following criteria: a) be able to dissolve the polymer 
binder; b) have fow electrochemical activity and minimal electrochemically active inrpurities so that very low background 
curent can be achieved; c) have a moderate 9/aporatfon rate which quickens drying during sensors printing and pro- 

30 ductfon; d) be inert to Pt-catalyzed chemical reactions, such as auto-ignition which can cause safety problem during 
manufacturing and processing. Most hydroxyl-contaiiting organic solvents, such as alcohol or glycol alkyi ether do not 
meet requirements (b) and (d). and are not suitable tor the PTF composition. Solvents, such as dibasic esters which 
contain eiecfrochenically active alcohol inpurities also are nm suitabia Solvents from the groups of alkyI and aryl 
ketones, aromatk: hydrocarbon, glycol cfiac^tes and glycol acetates or mixtures thereof were found to be suitable sol- 

35 vents producing oompostfons with kyw sensor background current Aromatk; hydrocartwn solvents whch tends to have 
good wetting on graphite surfaces provides an additional benef ft in irrparting a slightly shear thinning rheology on the 
composition and thus improves the printing of graphite based electrodes. 

(0026] A typical metat-grapNte oompositton may be prepared as follows: (1) a binder solutk)n is prepared by dissolv- 
ing a thermoplastic polymer in a suitable solvent: (2) a dtepersion of metal powder in the binder solulfon is then pre- 
40 pared by roll-milling; (3) a mixture of binder sdutfon. metal powder dispersion, graphite and/or metallized graphite and 
solvent are ntixed by high speed dispersfon methods to make the PTF oonposition. The resultant composition typically 
has a viscosity in the range of 10-100 Pa.S and a % solids 0(f 25-40% suitable for screen prfriting. 

P. SgrooT ftbrlcatton and TflBBna Critgfte 

46 

[0027] The eleclrochemlcal sensor used for testing sensor perlbrmance of the compositfon of the present inventk>n 
is tMsed on a three-elecfrode design containing a working electrode, a counter electrode and a refererwe electrode. 
The working electrode is about a 1 cm^ disk of the metal-graphite composltton with 10-30 um thickness. Both the coun- 
ter electrode and the reference electrode are prints of a sllver/^lver chlorkJe PTF compositkyi as found In recently 
so allowed US Serial Number 08/921.183. The sensor is printed on a 5 mil polyester film substrate usoig a conventional 
screen printing process. Typically, the printing is done in a multiple print-dry sequence wfiich lays down conductive pat- 
terns of electrical contacts for measuring equipment attachments. Dielectric coatings are applied for protecting conduc- 
tive lines. Sensor testing was done using a custom-made potentfostat. 

[0028] Three key teste were performed: (TEST A) electrochennical sensor response fo hydrogen peroxxle and CTEST 
55 B) biosensor response to glucose and (TEST C) effect of tenperature on biosensor. TEST A is done In a specially 
designed test celt which hofos a 10 mil thick layer of test solution on top of the three-electrodas of the sensor. The cell 
is filled with a phosphate buffered saline solution (PBS) having pH of 7.5. 0. 1 M phosphate and 77 mM NaCI, and the 
background current is recorded as the steady-state currant measia-ed between the working elecfrode and the counter 



S 



EP0 987333 A2 



electrode after a current bias with ttie potential of the working electrode set against the reference electrode at 0.75V for 
10 minutes and at 0.4V for SO minutee. Then the current response of the sensor after a H2O2 solution is injected in the 
tect celt 16 recorded vs time. A series of current measurements are made with different 8202 concentrations. The slope 
of a linear plot of the current measured at a fixed time point, such as at 60 secorxis. against the H^Oz concentration 
5^ provides a measure of the 5er«or sensitivity to H2O2. An sensor sensitivity of 20-70 nA/cm^.uM of H^Og with back- 
ground current noise in the range of 2-20 nA is acceptat)ie. The prefen-ed range is a sensor sensitivity of>50 nA/cm^.uM 
of i-l202 with a background current noise of <S nA. 

[0029] TEST B is done on a biosensor which has an enzyme-containing gel disk placed on top of the three electrodes 
of an electrochemical sensor. The get disk contains a poly(ethylene oxkJe) gel. NaCI and phosphate buffer, and glucose 

10 oxidase enzyme for glucose oxidation and hydrogen peroxide generation. The biosensor is pre-condltkmed with the 
working electrode on a 0.77V bias for 1 0 minutes followed by a 0.42V bias for 50 minutes, and the steady-state cunrent 
measured at the erKf is the background cuirent. Then 10 micro-liter volume of a 0.2 mM glucose solution sairple is 
added to the gel. The current response is recorded verses time. The charge/electron response at time (t) from the g^j- 
cose sample can be calculated by integrating over ^me (t) the current response minus the fc>ackground cun-ent. The 

IS charge response at time (t) divided by the theoretical total charge generated from the glucose sample gives the % 
charge response (% recovery) recovered by the biosensor at time 2.5 minute prcvides a measure of the sensitivity of 
the biosensor to glucose. Glucose recovery >20% at 2.5 minute recovery time were acceptable results, but more pre- 
ferred is >30% at 2.5 minute recovery tin>e. 

[0030] TEST C is done on a biosensor that has an enzyme-oontaining gel disk placed on top of the three electrodes 
^ of an electrochemtcal sensor, as in TEST B. The biosensor is first held at 32*^0, and the working electrode is precondi- 
.tinned for 10 minutes at 0.77V bias followed by SO minutes at 0.42V bias. The back^ound cunent is then measured 
every fifteen minutes over the neoct 7 hours. During each 15 minute cyde, the 0.42V bias is first turned off for 5 minutes 
and then turned on for 1 0 minutes. The background current is measured and recorded over the 1 0 minute duratton. The 
last tMickground current reading provides the tiaseline t>ackground cunent for each 1 0 minute cycle. The transient back- 
us ground current is calculated by subtracting the baseline l>ackground current from the measured backgrouid current 
Integration of the transient background current over the 10 minute period provides the total background signal due to 
the biosensor. After 3 hours of measurements at 32^C. the temperature is raised to 3T»C, and after the temperature is 
stabilized the transient t>ackground cunent at 37^0 is measured and the total background signal calciiated. A total 
background signal at 32<*C of<35.000 nano-Coulomb (nC) is acceptable. An increase in background sts^al Gf<15%/'C 
30 is acceptable. 

[0031 ] The present invention will be described in further detail by giving practical examples. The scope of the present 
Invention, however, is not limited in any way by these practical examples. 

35 

[0032] The fdkawing fbrmulattons were used in Examples 1 -6: 

PoivmerfiolutionfAl was prepared by dissolving 25 parts of poly(8tyrene-acrytonltrile) in 75 parts of etivylene glycol 
diacetate. 

40 Platinum dispersion f B) was prepared by mitling on a 3-roll mllt of a mixture containing 42 parts of Polymer sdutkm 
(A). 24.67 parts of ethylene glycol diacetate and 33.33 parts of platinum black (CokHiial Metals Inc.. EDcton MD). 
Modified graphite sample (C^ was prepared by treating 600 grams of synthetic graphite (T ^mrex SFG-15 from Tim- 
cal America. OH) with 3600 grams of a 3% aqueous solutk)n of sodium hypophosphite monohydrate at 65"C for 90 
minutes and then washed and dried at 1 20"C. 

45 

EX A MPLE 1 

[0033] This examples denx>nstrate the prefKuation of PTP composition with a Pt/^aphite ratio ol1/99 using platinum 
powder and a modified graphite as the electrocatatysL A platinum-graphite compositran was prepared by mixing 22.8 
50 parts of Polymer solution (A). 49.6 parts of ethylene glycol diacetate, 24.6 parts of modified graphite and 0.8 part of 
Platinum dlspeision (B). Printed sensor vras tested as above. TEST A resulted In a typk^l sensor sansftivfty of 48-61 
nA/uM H2O2 and background otfrent of 9-10 nA and TEST 6 In a d^uoose % recovery of 40-50%. The net paste com- 
position was as foltows: 

55 
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Ingredent 


Weight Percent 


Poly(slyrene-acrylonitrile) 


6.05 


Ethylene glycol diacetate 


68.36 


Platinum black 


0.27 


Modified graphite (C) 


25.3 



EXAMPLE 2 

IS [0034] A platinum-graphite composition having a Pt/graphite ratio of 2.5/97.5 was prepared by mixing 1 1 .2 parts of 
Polymer solution (A). 24.5 parts of ethylene glycol diacetate. 12.6 parts of modified graphHe and 1 .0 parts of Platinum 
dispersion (B). Printed sensor was tested as above. TEST A resulted In a sensor sensitivity of 67-70 nA/uM H2O2. a 
background current of 8-1 2 nA and TEST B in a glucose % recovery of 50-60%. The net paste composition was as fol- 
lows: 

20 



Ingredient 


Weight Percent 


Poly(styrene-acryk)nitrile) 


6.1 


Ethylene glycol diacetate 


67.62 


Modified graphite (C) 


25.6 


Platinum black 


0.66 



EXAM PLE ? 

[0035] A Pt/C paste having modriied graphite, surfactant and 0.37% Pt in dry weight was prepared in the sane ¥vay 
35 as Example 1 . A platinum Uack dispersion with 6% Triton^XI 00 surfactant to Platinum dispersk)n B was prepared in the 
same way as Platinum dispersion (B). The Pt/C paste was prepared by mixing 21 .4 parte of Polymer solution A. 14.0 
parts of Aromatic 150. 28.0 parts of butyl ceUosolve acetate, 24.8 parts of modified graphite, 0.40 parts of platinum 
black dispersion, and 0.40 parts of Triton'XiOO. Printed sensor was tested as above. TEST A resulted in a sensor sen- 
sitivity of 41 -48 nAJuM HgO^. a background current of 1 9 nA. and TEST B in glucose recovery of 35-37%. The net paste 
40 composition was as foltows: 



45 



Ingredient 


Weight Percent 


Poly(slyrena-acryhxiitrile) 


6.3 


ModHied graphite (C) 


28.0 


Platinum back 


0.15 


Triton* X100 (1) 


0.03 


Ethylene glycol diacetate 


18.12 


Aromatic 150 


15.8 


Butoxyettiyl acetate (1) 


31.6 



(1) Unton Cartakte. Danbury. CT 
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(00361 A platinum-oraphite composition having a nontonic surfactant added to enhance sensor performance was pre- 
pared m the same way as Example 4 by mixing 10.7 grams of Pofymer solution (A). 14.8 grams of 2-buloxyethyl acetate 
5 7.3 grams of Aromatic 150. 12.4 grams of graphite. 0.20 grams of Triton® X45 and Pt dispersion (B). Printed sensor 
was tested as atx>ve. TEST A resulted a sensitivity of 40 nA/uM of HgO^. a bad^round cuirent of 4 nA. arri TEST B in 
a glucose % recovery of 44%.7he net paste composition was as follows: 



Ingredient 


Weight Percent 


Pbly(styrene-acryfonitrile) 


6.15% 


Ethylene glycol diacetate 


18.3% 


2-ButQxyethyt acetate 


32.0% 


Aromatic 150 


15.6% 


Triton® X45 (2) 


0.43% 


Synthetic graphite 


26.8% 


Platinum black 


0.72% 



(2) Triton* X45. Union Carbide, Oanbwy. CT 
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EXAMPLE S 

WJSn APt/Chavingametalpowderandplatinizedgraphiteastheelectro^atalystwaspr^ 4part5 
of Polymer solulion A. 50.0 parts of ethylene glycol diacetate. 19.6 pans of synthetic graphite. 0.018 parts of Trtiton-X45 
Bi^ant. 3-1 parts of Ratinum dispersion B. and 5.2 parts of plalrnized gmphHe. Primed sensor was tested as above 
TEST A resulted in a sensor sensitivity of 41 -51 nAAjM HgOfe. a background current of 3 nA. and TEST B In a glucose 
recovery of 33-37%. TEST C resulted in a total background signal of 30.200 nC at 32«C. and 51 000 nC at 37«C The 
net paste conposition was as follows: 
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Ingredient 


Wei^ Percent 




Poly(styrene-acrylonitrile) 


5.6 


40 


Ethylene glycol diacetate 


68.38 




Synthetic graphite 


19.74 




Platinized graphite 


5.23 


43 


Platinum black 


1.04 




Triton*X45 


0.01 



so 
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EXAMPLE 6 f CQMPABATIVE^ 

L***^ A Ptefinum-graphite connposition containing a high purity giaphita was prepared in a similar same way as 
E«np^e 1 by mmng 21 .4 grams of PWymer solution (A). 1 0.7 grams of ethylane glycol diacetate. 6.3 grarra of Aromatic 
150 24.8 grams of purrfied graphite 0.20 grams of Triton surfactant 4.00 grams of platinum dispersion (B). Wbrtdng 
electrodes pnnted with this composition ware found to be full of pin^twles and the sensors had a eensHivfty of 1 5 oAAiM 
Of HjQj. e background current of 4.5 nA and a glucose % recovery ol 3.3%. 
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Ingrecfient 


Weight Percent 


Po!y{styrene-acrylonitrile) 


6.9% 


Ethylene glycol diacetate 


26.7% 


Purified graphite (11) 


36.8% 


Aromatic 150 


9.3% 


Platinum black 


2.0% 


2-biJtQxyethyl acetate 


15.8% 


Triton® X45 


0.5% 



(1 1 ) Asbury A625, Asbury Mils Inc. Asbury. NJ 



Claims 



1 . A conductor composition tor use in electrochemical sensor applications, comprising, based on solids: 

(a) 0.1-5% wt. conductive metal particles selected from the group consisting of f inefy divided powders of plati- 
num groi4) metals and mbctures thereof; 

(b) 62-85% wt of modified graphite; and 

(c) 14-35% wt. of a thermoplastic polymer. 

2. A conductor composition for use in electrochemical sensor applications, conprislng. based on solids: 

(a) 0.1-5% wt conductive metal particles selected from the group consisting ol finely divided powders of plati- 
num groMp metals and mixtures: 

(b) 62-85% wt of grs^hite; 

(c) 14-35% wt of a thermoplastic polymer; and 

(d) 0.01-3% wt. surfectant 

3. A conductor oonposition for use in electrochemical sensor plications comprising, based on soFids: 

(a) metaOized partides comprising platinum group metal particles and mixtures thereof deposited on graphite 
support partides; with the provisos that (1) the platinum group metal partides and n^xtures thereof are In the 
range of 0. 1-5% wt and (2) the graphite support partides are in the range of 62-85% wt.; 

(b) 14-35% wt thermoplastic polymer; and 

(c) 0.01 -3% wt. surfactant 

4. The conckictoroomposilion off Claim 1 further conpndngsurfa^^ 

5. The composition of Claim 1 , 2, 3 or 4 further comprising organic solvent, 

6. The oonposition of Oaim 3 further comprising graphite, modified graphite or mixtures thereof. 

7. The compositron ctf Clawn 2 further corrprising madded graphita. 

8. The conposition of Claim 2 or 4 wherein the surfactant is a nonionic surfactant selected from the youp conseting 
offat^ acid, fatty alcohol, long-chain aiky^enol. poly(ethylene oxide}-modified fatty add. fatty alcohd and alkyl- 



9. The composition of Qaim 3 wherein the metaUized graphite is modified by a redudng agent selected torm the voup 
consisting of sodium hyophosphite. sodium borohydride. sodium bisuff He. and sodium tonnale. 

10. The conposition of Qaim 1. 2 or 3 wherein the thermoplastic binder is selected from the group consisting of 
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po)y(styrene). styrene-containing acrylic copolymer, poly(acrylonitrile-butadiene-styrene). poty(hydroxyether). 
oopolyester. poly(cartx>nate). and polyimide. 

11. The oomposiiion of aaim 1. 2. 3 or 4 wherein the organic solvent is selected from the gropp oonsisting of glycol 
ether acetate, glycol diacetate. alkyi ketone, aryl ketone, aromatic hydrocartwn and ntixtures thereof. 

12. A working electrode for use in eledrochemicai biosensor comprising the conductor corr^josition of Claim 1, 2, 3 or 
4 on a substrate. 
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